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in	 pigment	 composition	 in	 relation	 to	 the	 structure	 and	 nutrient	
content	 of	 the	 phytoplankton	 community	 (Stón	 &	 Kosakowska,	
2000;	 Stón	 &	 Kosakowska,	 2002).	 Under	 laboratory	 conditions,	






Evaluation	 of	 the	 phytoplankton	 pigment	 composition	 us-
ing	 high	 performance	 liquid	 chromatography	 (HPLC),	 Chemical	
Taxonomy	(CHEMTAX)	and	supplementary	microscopy	analysis,	
have	been	conducted	to	identify	phytoplankton	species	and	func-
tional	 groups	 by	 relating	 specific	 marker	 pigments	 to	 total	 Chla	
contents	(Mackey	et al.,	1996;	Fietz	&	Nicklisch,	2004;	Llewellyn	et 
al.,	2005).	Previous	investigations	utilizing	A. carteri have	focused	
on	 the	 light-harvesting	 system	 and	 energy	 transfer	 in	 the	 peri-
dinin-chlorophyll-protein	complex	(Sharples	et al., 1996;	Lohuis	&	
Miller,	1998;	Damjanović	et al., 2000;	Polívka	et al., 2005).	However,	
few	 studies	 have	 been	 conducted	 in	 relation	 to	 nutrient	 uptake	
and	the	individual	pigment	composition	in	this	species	under	dif-





Amphidinium carteri cultures.	The	marine	dinoflagellate	A. car-
teri	 was	 obtained	 from	 the	 monoalgal	 culture	 collection	 of	 the	
Instituto	 de	 Investigaciones	 Oceanológicas	 of	 the	 Universidad	
Autónoma	de	Baja	California.	All	nutrients	in	the	f/2	medium	(Guil-
lard,	 1975)	 except	 nitrogen	 and	 phosphorus	 were	 added	 to	 one	













using	 four	 levels	 of	 continuous	 light	 (50,	 150,	 300	 and	 750	 µmol	
quanta	m-2	s-1)	and	three	nutrient	concentrations.	Light	was	pro-
vided	 by	 fluorescent	 lamps	 (daylight	 75	 W);	 the	 irradiance	 was	
measured	 with	 a	 scalar	 photosynthetic	 active	 radiation	 (PAR)	
irradiance	 meter	 (4p	 sensor,	 Biospherical	 Instruments	 model	
QSL-100).	 NaNO3	 and	 NaH2PO4	 were	 added	 at	 concentrations	
of	 441.5/18.1	 µM	 (low),	 883/36.3	 µM	 (medium)	 and	 1766/72.6	 µM	
(high),	 keeping	 a	 nitrogen/phosphorus	 ratio	 of	 ~24.	 All	 experi-
ments	 were	 carried	 out	 in	 3	 L	 Fernbach	 flasks	 (2.9	 L	 of	 media,	




























































toprotective	 carotenoids	 (PPC)	 diadinoxanthin,	 dinoxanthin	 and	
diatoxanthin.
statistical analysis.	 Two-way	 analyses	 of	 variance	 were	
used	 to	 determine	 the	 individual	 and	 interactive	 effects	 of	 nu-
trients	 and	 irradiance	 on	 dependent	 variables	 (cellular	 density,	




















no3- and Po43- uptake.	 Both	 nitrate	 and	 phosphate	 uptake	
was	significantly	affected	by	the	levels	of	nutrients	and	light	dur-
ing	 the	majority	of	 the	days	of	 the	culture,	with	a	significant	 in-
















































































































































	 	 	 	 	 d.	f.		error	=	24
Day Nutrient p	<	0.05 Light p	<	0.05 Interaction p	<	0.05
F	value P	value F	value P	value F	value P	value
1 28.101 <0.001 S 51.381 <0.001 S 10.993 <0.001 S
2 16.743 <0.011 S 11.939 <0.177 NS 10.865 <0.547 NS
3 14.559 <0.034 S 12.291 <0.001 S 17.584 <0.002 S
4 12.532 <0.121 NS 26.033 <0.001 S 13.220 <0.040 S
5 11.883 <0.194 NS 16.677 <0.001 S 11.093 <0.420 NS
6 12.107 <0.164 NS 16.114 <0.009 S 10.904 <0.523 NS
7 11.528 <0.256 NS 15.615 <0.012 S 14.134 <0.018 S
B)
	 	 	 	 	 d.	f.		error	=	24
Day Nutrient p	<	0.05 Light p	<	0.05 Interaction p	<	0.05
F	value P	value F	value P	value F	value P	value
1 1111.495 <0.263 NS 11.941 <0.177 NS 11.533 <0.249 NS
2 1133.573 <0.001 S 49.460 <0.001 S 16.451 <0.001 S
3 1112.497 <0.124 NS 15.316 <0.015 S 10.816 <0.578 NS
4 1129.210 <0.001 S 15.361 <0.014 S 11.963 <0.151 NS
5 1165.858 <0.001 S 13.460 <0.001 S 16.881 <0.002 S
6 125.49 <0.001 S 12.900 <0.079 NS 15.097 <0.008 S
7 1070.111 <0.001 S 18.404 <0.003 S 18.098 <0.001 S
C)
	 	 	 	 	 d.	f.	error	=	24
Day Nutrient p	<	0.05 Light p	<	0.05 Interaction p	<	0.05
F	value P	value F	value P	value F	value P	value
1 39.396 <0.001 S 8.707 0.002 S 0.897 0.528 NS
2 15.624 <0.019 S 3.538 0.048 S 1.495 0.260 NS
3 13.062 <0.084 NS 8.019 0.003 S 2.970 0.051 NS
4 12.546 <0.120 NS 2.605 0.100 NS 1.551 0.243 NS
5 23.913 <0.001 S 1.244 0.337 NS 2.888 0.056 NS
6 22.047 <0.001 S 1.787 0.203 NS 1.060 0.436 NS



















noxanthin/Chla	 ratios,	 a	 multiple	 range	 test	 suggested	 that	 for	
majority	 of	 these	 ratios	 was	 not	 significant	 different	 between	
50	versus	150	and	300	versus	750	µmol	quanta	m-2	s-1	 (p	>	0.05;	








When	 A. carteri was cultured	 under	 medium	 nutrient	 con-
centrations	 there	 was	 not	 significant	 different	 (p	 >	 0.05)	 in	 the	



















0-1 L 11.68 106.5/1.1 11.48 120.8/— 11.58 53.8/3.0 11.17 57.1/0.1
M 11.19 94.5/2.0 11.42 105.2/— 11.55 51.4/8.0 11.20 —/2.8
H 11.13 73.1/11.8 11.35 —/7.7 11.52 87.4/17.2 11.08 —/9.1
1-2 L 12.04 34.0/— 11.74 120.8/2.3 12.17 25.2/2.3 11.77 7.6/2.8
M 12.76 15.1/1.1 12.63 59.2/2.8 12.97 149.4/7.4 11.92 41.7/2.8
H 12.56 —/4.0 12.45 88.9/8.6 13.20 68.1/8.6 11.71 —/1.1
2-3 L 13.15 85.6/5.1 14.29 24.1/7.4 14.29 141.7/3.4 16.97 125.2/3.4
M 14.50 100.7/5.7 15.54 62.5/17.2 16.74 168/1.1 14.34 128.5/3.4
H 14.26 56/4.6 14.80 69.2/4.6 17.94 99.9/4.0 13.90 63.7/0.5
3-4 L 15.17 149.4/3.4 16.84 114.2/1.1 18.58 158.2/5.1 19.00 180.1/8.0
M 15.99 222.8/5.1 17.26 250.1/2.3 12.62 307.6/10.3 17.48 195.5/6.9
H 15.62 258.1/8.6 16.62 274.6/7.4 10.81 413/5.7 16.05 288.9/8.6
4-5 L 19.87 56.4/1.1 11.63 48.4/1.7 14.08 46.7/1.7 12.87 63/—
M 19.93 160.2/8.6 12.04 323.6/5.7 16.06 141.1/5.7 11.85 400.8/11.5
H 19.90 226.3/12.1 11.50 243.9/11.5 14.01 134/6.9 10.03 223/5.1
5-6 L 13.53 9.3/1.7 16.41 6.8/— 16.59 7.1/— 14.80 4.7/1.7
M 12.17 241.9/5.1 17.41 76.3/1.7 20.18 59.2/0.5 18.42 56/2.8
H 13.15 266.9/9.2 15.41 323/12.1 16.20 301/8.6 16.05 271.3/13.2
6-7 L 18.94 —/0.5 15.38 0.5/— 18.31 4.3/— 19.18 —/0.5
M 16.63 36/1.7 22.99 1.5/0.5 15.63 0.5/0.5 23.32 71.2/2.3
H 15.21 292.2/4.0 19.70 402.1/4.0 20.02 348.2/13.2 21.61 394.4/18.4
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Fig.	 3.	 A-C.	 Average	 phosphate	 concentration	 in	 the	 media	

















































































































days	 and	 then	 increased	 to	 0.30	 (Fig.	 4B).	 A	 multiple	 range	 test	
indicated	significant	difference	(p	<	0.05;	Table	5)	between	these	
treatments.
The	 average	 ratio	 of	 photoprotective	 pigments/Chla	 in-
creased	with	increasing	irradiance	(Fig.	5,	6,	7).	A	multiple	range	
test	indicated	that	at	irradiances	of	300	and	750	µmol	quanta	m-2	
s-1	 the	 diadinoxanthin/Chla	 ratio	 was	 not	 significantly	 different	
except	 in	the	fourth	day	(p	>	0.05;	Table	5),	but	was	higher	than	
































	 	 	 	 	 d.	f.	error	=	24
Day Nutrient p	<	0.05 Light p	<	0.05 Interaction p	<	0.05
F	value P	value F	value P	value F	value P	value
1 0.0384 0.962 NS 157.865 <0.001 S 1.7767 0.189 NS
2 6.5901 0.012 S 292.191 <0.001 S 3.8911 0.022 S
3 6.9461 0.010 S 233.111 <0.001 S 3.9521 0.020 S
4 0.3931 0.683 NS 151.921 <0.001 S 3.2041 0.041 S
5 0.2991 0.747 NS 170.910 <0.001 S 1.1681 0.384 NS
6 0.0726 0.930 NS 133.911 <0.001 S 0.9681 0.486 NS
7 0.7741 0.926 NS 141.817 <0.001 S 0.6341 0.701 NS
B)
	 	 	 	 	 d.	f.	error	=	24
Day Nutrient p	<	0.05 Light p	<	0.05 Interaction p	<	0.05
F	value P	value F	value P	value F	value P	value
1 0.121 0.887 NS 119.039 <0.001 S 0.945 0.499 NS
2 1.245 0.323 NS 189.726 <0.001 S 1.253 0.347 NS
3 0.766 0.486 NS 160.591 <0.001 S 2.226 0.112 NS
4 0.281 0.760 NS 197.311 <0.001 S 8.356 0.001 S
5 0.286 0.756 NS 117.128 <0.001 S 0.547 0.763 NS
6 3.316 0.071 NS 189.898 <0.001 S 5.239 0.007 S
7 1.640 0.235 NS 119.593 <0.002 S 1.411 0.287 NS
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ANOVA	 results	 indicated	 that	 the	 cellular	 density	 was	 affected	













dinium polykrikoides	Margalef	 is	higher	than	90	µmol	m-2	s-1.	 In	
this	study,	the	best	response	in	the	growth	of	A. carteri	was	at	300	
µmol	quanta	m-2	s-1at	the	fifth	day	of	culture.
























	 	 	 	 	 d.f.	error	=	24
Day Nutrient p	<	0.05 Light p	<	0.05 Interaction p	<	0.05
F	value P	value F	value P	value F	value P	value
1 1.586 <0.245 NS 125.861 <0.001 S 3.653 <0.027 S
2 13.9141 <0.001 S 287.031 <0.001 S 9.831 <0.001 S
3 2947 <0.091 NS <70.276 <0.001 S 2.301 <0.103 NS
4 5.627 <0.019 S <86.155 <0.001 S 1.613 <0.226 NS
5 2.517 <0.122 NS <24.584 <0.001 S 1.420 <0.284 NS
6 1.105 <0.363 NS <25.739 <0.001 S 1.043 <0.445 NS
7 10.0223 <0.978 NS <18.133 <0.001 S 0.976 <0.482 NS
B)
	 	 	 	 	 d.f.	error	=	24
Day Nutrient p	<	0.05 Light p	<	0.05 Interaction p	<	0.05
F	value P	value F	value P	value F	value P	value
1 7.8401 0.007 S 307.041 <0.001 S 5.482 0.006 S
2 1.0281 0.387 NS 225.591 <0.001 S 1.494 0.261 NS
3 5.0751 0.025 S 153.217 <0.001 S 1.734 0.196 NS
4 3.8801 0.050 NS 147.807 <0.001 S 2.120 0.126 NS
5 1.8854 0.199 NS 129.868 <0.001 S 0.794 0.592 NS
6 0.7571 0.490 NS 116.531 <0.001 S 1.037 0.448 NS

























































































































































































150	vs.	750 <0.001 <0.001 <0.001 <0.002 <0.001 <0.001 <0.001
150	vs.	300 <0.505 <0.188 <0.101 <0.003 <0.888 <0.447 0.612
150	vs.	150 <0.595 <0.970 <0.760 <0.471 <0.866 <0.742 0.957
150	vs.	750 <0.005 <0.001 <0.001 <0.022 <0.001 <0.001 <0.001
150	vs.	300 <0.999 <0.093 <0.429 <0.041 <0.473 <0.101 0.343





150	vs.	750 <0.001 <0.001 <0.001 <0.001 <0.001 <0.004 <0.001
150	vs.	300 <0.034 <0.001 <0.006 <0.091 <0.322 <0.219 0.174
150	vs.	150 <0.503 <0.400 <0.657 <0.997 <0.848 <0.882 0.824
150	vs.	750 <0.001 <0.001 <0.001 <0.001 <0.001 <0.014 0.002
150	vs.	300 <0.341 <0.004 <0.001 <0.125 <0.093 <0.562 0.548
300	vs.	750 <0.003 <0.001 <0.001 <0.012 <0.009 <0.136 0.018
Hi
gh
150	vs.	750 <0.001 <0.001 <0.001 <0.001 <0.001 <0.004 0.003
150	vs.	300 <0.935 <0.003 <0.013 <0.260 <0.997 <0.781 0.764
150	vs.	150 <0.826 <0.782 <0.967 <0.974 <0.926 <0.980 0.954
150	vs.	750 <0.001 <0.001 <0.001 <0.001 <0.001 <0.002 0.001
150	vs.	300 <0.499 <0.016 <0.028 <0.451 <0.844 <0.563 0.470






















150	vs.	750 <0.002 <0.001 <0.001 <0.001 <0.175 <0.012 0.873
150	vs.	300 <0.030 <0.001 <0.001 <0.063 <0.034 <0.001 0.192
150	vs.	150 <0.739 <0.005 <0.258 <0.903 <0.725 <0.682 0.998
150	vs.	750 <0.008 <0.004 <0.001 <0.001 <0.659 <0.087 0.933
150	vs.	300 <0.168 <0.073 <0.001 <0.191 <0.195 <0.001 0.245





150	vs.	750 <0.113 <0.001 <0.001 <0.001 <0.128 <0.001 0.111
150	vs.	300 <0.068 <0.001 <0.001 <0.001 <0.018 <0.001 0.164
150	vs.	150 <0.683 <0.078 <0.196 <0.872 <1.000 <0.985 0.581
150	vs.	750 <0.545 <0.002 <0.014 <0.001 <0.130 <0.001 0.640
150	vs.	300 <0.382 <0.001 <0.012 <0.001 <0.019 <0.001 0.776
300	vs.	750 <0.990 <0.650 <1.000 <0.003 <0.674 <0.940 0.995
Hi
gh
150	vs.	750 <0.006 <0.001 <0.001 <0.001 <0.016 <0.001 0.011
150	vs.	300 <0.011 <0.001 <0.005 <0.001 <0.021 <0.001 0.054
150	vs.	150 <0.172 <0.066 <0.267 <0.608 <0.999 <0.754 1.000
150	vs.	750 <0.254 <0.001 <0.008 <0.001 <0.021 <0.001 0.011
150	vs.	300 <0.403 <0.006 <0.148 <0.001 <0.027 <0.001 0.055

































150			vs.	750 <0.001 <0.001 <0.001 <0.001 <0.008 <0.001 <0.004
150			vs.	300 <0.071 <0.015 <0.554 <0.008 <0.107 <0.232 <0.594
150			vs.	150 <0.853 <0.140 <0.997 <0.999 <0.996 <0.990 <0.998
150	vs.	750 <0.001 <0.001 <0.001 <0.001 <0.012 <0.002 <0.005
150	vs.	300 <0.254 <0.587 <0.668 <0.007 <0.153 <0.352 <0.702





150			vs.	750 <0.001 <0.001 <0.001 <0.001 <0.071 <0.085 <0.212
150			vs.	300 <0.921 <0.007 <0.396 <0.578 <0.766 <0.620 <0.934
150			vs.	150 <1.000 <1.000 <1.000 <1.000 <1.000 <1.000 <1.000
150	vs.	750 <0.001 <0.001 <0.001 <0.001 <0.071 <0.085 <0.212
150	vs.	300 <0.921 <0.007 <0.396 <0.578 <0.766 <0.620 <0.934
300	vs.	750 <0.001 <0.001 <0.005 <0.001 <0.323 <0.507 <0.467
Hi
gh
150			vs.	750 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.002
150			vs.	300 <0.459 <0.003 <0.282 <0.015 <0.068 <0.221 <0.138
150			vs.	150 <0.510 <0.960 <0.999 <0.891 <0.969 <0.926 <0.954
150	vs.	750 <0.001 <0.001 <0.001 <0.001 <0.001 <0.002 <0.005
150	vs.	300 <1.000 <0.008 <0.233 <0.052 <0.143 <0.497 <0.300





















150			vs.	750 <0.001 <0.001 <0.003 <0.003 <0.001 <0.005 <0.001
150			vs.	300 <1.000 <0.128 <0.712 <0.075 <0.214 <0.939 <0.833
150			vs.	150 <0.946 <0.953 <1.000 <0.995 <0.992 <0.992 <0.991
150	vs.	750 <0.001 <0.001 <0.003 <0.002 <0.001 <0.009 <0.001
150	vs.	300 <0.961 <0.282 <0.685 <0.050 <0.321 <0.994 <0.944





150			vs.	750 <0.001 <0.001 <0.001 <0.001 <0.004 <0.004 <0.001
150			vs.	300 <0.999 <0.618 <0.885 <0.930 <0.960 <0.937 <0.492
150			vs.	150 <0.416 <0.997 <0.997 <0.995 <1.000 <1.000 <0.999
150	vs.	750 <0.001 <0.001 <0.001 <0.001 <0.004 <0.004 <0.001
150	vs.	300 <0.350 <0.499 <0.794 <0.836 <0.949 <0.923 <0.569
300	vs.	750 <0.001 <0.001 <0.001 <0.004 <0.010 <0.012 <0.003
Hi
gh
150			vs.	750 <0.001 <0.001 <0.001 <0.001 <0.016 <0.263 <0.073
150			vs.	300 <0.635 <0.219 <0.028 <0.143 <0.658 <0.829 <0.933
150			vs.	150 <0.748 <0.001 <0.978 <1.000 <0.999 <1.000 <1.000
150	vs.	750 <0.001 <1.000 <0.001 <0.001 <0.013 <0.292 <0.076
150	vs.	300 <0.997 <0.192 <0.014 <0.130 <0.583 <0.863 <0.939









The	 converse	 was	 observed	 for	 the	 diadinoxantin,	 dinoxanthin,	




































tection	 limit.	 This	 occurred	 in	 our	 experiments	 at	 the	 beginning	
of	 the	 stationary	 phase	 at	 low	 and	 medium	 nutrients	 (Figs.	 2A,	
B;	3A,	B).	 In	addition,	 intracellular	store	of	nitrate	or	phosphate	
might	be	sufficient	for	several	hours	or	days	of	growth,	whereas	





first	 five	 days	 of	 the	 experiment.	 The	 pigment	 ratios	 were	 af-










































































to	 72%	 from	 the	 lowest	 to	 the	 highest	 irradiance.	 The	 opposite	
was	 observed	 for	 the	 average	 of	 diadinoxanthin/Chla	 ratio	 that	
increased	 almost	 two-fold.	 Whereas,	 the	 average	 dinoxanthin	
and	diatoxanthin	 to	Chla	 ratios	 increased	 from	 low	 to	high	 irra-
diances,	and	these	ratios	were	lower	than	the	average	diadino-
xanthin/Chla	 ratio,	 instead	 the	 average	 diatoxanthin/Chla	 ratios	
at	 750	 µmol	 quanta	 m-2	 s-1	 increased	 almost	 2.7-fold	 from	 the	
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